SUMMARY Brain cytochrome oxidase activity was measured after the in vitro addition of potassium cyanide {KCN) or sodium nitroprusside (SNP). Activity of cytochrome oxidase was sensitive to KCN; however, this activity was unaffected by SNP. In SNP-and KCN-treated animals brain cytochrome oxidase activities were measured. At 3 min after SNP injection, inhibition of the enzymatic activity was the same as 1 min after KCN injection. Time to death for SNP-treated animals was longer than for KCN-treated animals. These data suggest that cyanide was released in vivo from SNP and that time was necessary for this release to occur.
determine whether cyanide is released from the nitroprusside ion in vivo. Brain cytochrome oxidase activity was used as the method for the detection of the presence of cyanide in order to circumvent the problems associated with the earlier studies.
MATERIALS AND METHODS
Male ICR mice (from Charles River Laboratory, Inc., Wilmington, MA) weighing 25-30 g were used. Mice had access to food and water ad libitum and were housed in a temperature-and lightcontrolled environment.
Cytochrome c (95-100%; horse heart; Type VI) and sodium nitroprusside (SNP) were obtained from Sigma Chemical Company (St Louis, MO). Potassium cyanide (KCN) was purchased from Aldrich Corporation (Milwaukee, WI). Potassium ferricyanide was procured from Mallinckrodt Chemical Works (Belgium). Sodium mono-and di-basic phosphate were obtained from J. T. Baker Chemical Company (Phillipsburg, N. J.). Reagent grade chemicals were used through-out these studies. Solutions of SNP and KCN were made just before use in physiological saline (0.9 % sodium chloride). Solutions of SNP were kept in a dark environment and removed only for long enough for injection to the animals. All injections were administered i.p.
Measurement of brain cytochrome oxidase activity was made by the method of Isom, Burrows and Way (1982) . The brain was removed from the decapitated mouse and within 30 s homogenization had begun. Each brain was homogenized in a Potter-Elvej hem homogenizer with a motorized Teflon pestle in 2 ml of sodium phosphate 0.03 mol litre" 1 buffer (pH 7.4) at 4 °C. This homogenate was diluted 1:40. These homogenates were maintained in an ice bath at 4 °C. Twenty microlitre of the diluted homogenate was mixed with the cytochrome c solution. The enzymatic activity was monitored as a decrease in the absorbance of this mixture at 550 nm with a Cary 17 spectrophotometer. Cytochrome c was completely oxidized by the addition of potassium ferricyanide. The difference in absorbance between completely reduced and oxidized cytochrome c was used to calculate enzymatic activity which was expressed as cytochrome c oxidized (umol min~Vmg protein). Protein concentrations were measured as described by Lowry and co-workers (1941) . Brains from naive animals were used in the in vitro studies.
Duncan's multiple range test was used to determine statistical difference between groups.
Ten to 20 animals received various doses of SNP or KCN to determine the lethality induced by SNP or KCN. From these data, the doses of SNP and KCN were selected which would induce 80% lethality. These doses were approximately 15mgkg -1 i.p. for SNP and 8 mg kg" 1 i.p. for KCN. This dose was then administered to animals used in (1) brain cytochrome oxidase activity studies and (2) the time of death study. Ten animals were given the SNP or KCN dose in the time of death study. Student's t test was used to determine statistical difference between the time of death for animals given SNP or KCN.
RESULTS
In vitro inhibition of brain cytochrome oxidase (BCytox) activity by potassium cyanide (KCN) was performed to establish the sensitivity of the assay to the presence of cyanide. The results are illustrated in figure 1. These data show that there was complete inhibition of BCytox activity with KCN 10-' mol litre-1 , 83% inhibition with KCN 10~* mol litre" 1 and no inhibition with KCN 10"' mol litre"
1 . The effect of sodium nitroprusside (SNP) on BCytox activity was determined ( fig. 2 ). These data demonstrate that the in vitro addition of SNP resulted in no inhibition of BCytox activity in the concentration range of 10~4-10~* mol litre"
1 . In vivo inhibition of BCytox activity after administration of an LD 80 dose of KCN is figure 3 . This time course of enzymatic inhibition shows that, 1 min after the injection of KCN, there was a 60% inhibition of BCytox activity. The inhibition remained at that value at the other times at which BCytox activity was measured.
Data for the time course of the inhibition of BCytox activity in animals administered an LD 80 dose of SNP are illustrated in figure 4. One minute after the SNP injection there was inhibition of BCytox activity; however, it was only 37% of control activity. At 2-min, the inhibition was 49 % of control activity. It was not until 3 min that the enzymatic inhibition was 60% of control activity.
An LD 80 dose of KCN or SNP was administered to animals, and the time interval between the injection and death was measured. Figure 5 demonstrates these data and shows that KCNtreated animals died 5.90 ± 1.28 min after the injection, while SNP-treated animals died 17.52 ± 1.38 min after the injection.
DISCUSSION
The controversy concerning the release of cyanide from sodium nitroprusside (SNP) has been mainly the result of the methods of analyses. Consequently, these data were collected using criteria which would avoid those conditions artefactually promoting the conversion of nitroprusside ions to aquapentacyanoferrate ions and their degradation to cyanide ions. These criteria were: (1) SNP solutions were made fresh and maintained in a dark and cool environment; (2) studies were conducted without the use of clinical apparatus (infusion tubing, reservoir solutions and drip chambers) so as to eliminate unnecessary exposure to light; and (3) biochemical analyses for cyanide were measured by cytochrome oxidase activity in whole brain. This assay was chosen because cyanide is known to inhibit cytochrome oxidase (Keilin, 1929) , making this assay an excellent indicator of the presence of cyanide. Also, it required no extreme pH (7.4) and had a short time of assay (approximately 3 min) which circumvents criticism of previous analyses. In order to verify the significance of any inhibition of brain cytochrome oxidase (BCytox) activity after the administration of SNP, parallel studies were performed with an equally lethal dose of potassium cyanide (KCN). Validation of this biochemical assay was accomplished in two steps. First, the sensitivity of BCytox activity to the presence of cyanide was determined and found to be acceptable: KCN 10~* mol litre" 1 inhibited 83 % of control activity. Second, BCytox activity was found to be unaffected by the in vitro addition of SNP. The design of the study would have promoted these results. For example, the time of exposure to light used was much shorter than the time reported to induce any substantial conversion of SNP to aquapentacyanoferrate ions (Vesey, Cole and Simpson, 1976; Vesey and Batistoni, 1977; Arnold, Longnecker and Epstein, 1984) . Thus the probability of the presence of any significant number of aquapentacyanoferrate ions would be negligible. However, if there were any aquapentacyanoferrate ions present, the release of cyanide would be abated since this release is reported to occur in an extropy process (Butler, Glidewell and Bisset, 1982) . Since all samples were maintained at 4 °C except for the 3 min assay time, the design would retard any artefactual cyanide release from aquapentacyanoferrate ions. Thus, any inhibition of BCytox activity from SNP-treated animals could be adequately substantiated as the result of the release of cyanide in vivo.
The administration of SNP or KCN did produce inhibition of BCytox activity. In KCNtreated animals, BCytox activity was inhibited by 60% 1 min after injection, whereas, in the SNP-treated animals 60 % inhibition of BCytox activity did not occur until 3 min after the injection. The inhibition of BCytox activity in SNP-treated animals suggests not only that cyanide was released from SNP in vivo, but also that there was a time interval necessary for this release to occur. This time interval could also explain the longer time to death in the SNPtreated animals compared with the KCN-treated animals.
These data provide evidence that cyanide was, indeed, released from SNP in vivo. Consequently, caution should be exercised when SNP is administered in a clinical setting.
